Four strains each of seven tremorgenic Penicillium species were grown under various conditions and tested for tremorgen production by intraperitoneal injection of mice and by chemical analysis. Half of the strains had previously been found to be tremorgenic on bioassay after growth on Czapek Dox yeast extract broth or potato-milk-sucrose broth for 3 weeks at 26°C. In the tests reported here nearly all previously nontremorgenic strains were either tremorgenic to mice or produced tremorgens detectable by chemical analysis but did so after longer incubation periods than used in the original screening. Bioassay was not suitable for the estimation of absolute levels but was preferable to chemical analysis when the identity of the tremorgens was not known. Species and strains within species gave different responses to changes in culture medium, incubation temperature, light irradiation, and shaking. Overall, tremorgen production was maximal at 20 or 26°C, increased with time, and was reduced in shaken culture.
Strains of some Pencillium spp. grown under a variety of conditions produce tremorgens, neurotoxins which when given to experimental animals cause tremors and incoordination. Tremorgens have been produced at incubation temperatures from 4°C (5) to 28 to 30°C (1) and after 7 days (1) to 120 days (5) of incubation. A wide variety of media have been used at initial pH values from 3.9 (1) to 6.8 (14) .
Although this range of conditions suggests that culture conditions are not critical for tremlorgen production, we found in preliminary work that medium alone could affect the level of tremorgen production as indicated by intraperitoneal injection of mice. After incubation for 3 weeks at 26°C on Czapek Dox yeast extract broth (CDY) (2) and on potato-milk-sucrose broth (PMS) (12) , more strains of Penicillium canescens Sopp and P. janthinellum Biourge were tremorgenic on PMS than on CDY and rather more strains of P. crustosum Thom, P. melinii Thom, and P. simplicissimum (Oudem.) Thom were tremorgenic on CDY than on PMS. Tremorgen production by P. janczewskii Zaleski and P. novae-zeelandiae van Beyma was apparently not affected.
The conditions under which tremorgens are produced and the proportion of strains within a species capable of tremorgen production are important in assessing the tremorgenic potential of Penicillium populations in the field. This was particularly so when it was thought possible that soil penicillia were responsible for ryegrass staggers (11) , a seasonal neurotoxic disease of grazing animals now known to be associated with an endophyte of perennial ryegrass (3) .
In this paper we record some effects of medium and incubation temperature on tremorgen production by some Penicillium spp. as assessed by mouse bioassay and by chemical screening. The effects of incubation time, light irradiation, and shaken culture are also reported.
MATERIALS AND METHODS
Species examined. Four strains of each of the following species were examined: P. canescens, P. crustosum, P. janczewskii, P.janthinellum, P. melinii, P. novae-zeelandiae, and P. simplicissimum. The strains, identified by the criteria * Corresponding author.
of Pitt (9) , had been isolated from soil, pasture plants, and feces of sheep and cattle and had been screened for tremorgenicity to mice shortly after isolation with cultures grown at 26°C for 3 weeks on CDY and on PMS. Two tremorgenic strains (herein designated as T strains; strains 1 and 2) and two nontremorgenic strains (NT strains; strains 3 and 4) of each species were selected, except that no nontremorgenic strains of P. crustosum were available. Lyophilized preparations were made of all strains, and sporing cultures prepared from these were used as inocula.
Culture conditions. (i) Media. CDY and PMS were used, dispensed to give a depth of 4 cm in the various culture vessels used, all of which were cotton plugged. CDY, being the more reproducible medium, was used for all treatments of all strains. PMS was used for all treatments of the two species in which it had previously favored tremorgen production, P. canescens and P. janthinellum. For an overall comparison, PMS was also used to culture all strains for 6 weeks at 20 and 26°C in the dark under static conditions.
(ii) Incubation times and temperatures. Static cultures in 200-ml conical flasks were incubated in the dark at 20, 26, and 30°C for 1, 2, 4, and 6 weeks and at 17°C for 4 (6) . Minor components in some samples had very similar UV/fluorescence ratios to the four known janthitrems, and these components were tentatively described as "other janthitrems."
P. novae-zeelandiae samples were analyzed as for P. janthinellum, and P. melinii samples were analyzed under identical separation conditions, but with UV detection at (10) were the commonest form of positive response and were usually seen within 4 h of injection. Tremorgen production was not always consistent with the original screening tests for selection. All strains of P. canescens, P. crustosum, and P. janczewskii were unchanged in that some treatments of all T strains (strains 1 and 2, also strains 3 and 4 of P. crustosum) but none of the NT strains (strains 3 and 4 except for P. crustosum) caused tremors in mice. One NT strain of P. janthinellum (strain 3) and both NT strains of P. melinii and P. novae-zeelandiae were tremorgenic under some treatments, but with incubation periods longer than the 3 weeks of the original screening. Strain 4 of P. janthinellum was tremorgenic only in light-irradiated treatments. One treatment of one NT strain of P. simplicissimum produced a response in a single mouse, and one T strain of P. novaezeelandiae was not tremorgenic under any treatment.
The mouse bioassay was quantitative only in showing whether the amount of available tremorgen in 0.02 g of mycelium was below (no tremors seen), close to (tremors in one to three mice), or above (tremors in four mice) the Table 2 . These results showed that the tremorgens for which analyses were made were present in many of the nontremorgenic treatments. However, the tremorgenic activity of some treatments was not caused by the presence of any of the compounds tested. Both T and NT strains of the three species known to produce Pen A (P. canescens, P. crustosum, P. janczewskii) (7, 8, 13) produced Pen A in the four treatments tested ( Table  2 ). The T strains that were tremorgenic to mice (Table 1) produced more Pen A than the NT strains that were not tremorgenic ( Table 2 ). The threshold level of mouse response was in the range of 0.4 to 1.6 mg of Pen A per g of lyophilized mycelium, a level greater than that achievable with pure tremorgen. White et al. (11) reported that 1 ,ug of Pen A will produce tremors in a mouse. Although bioassays of aqueous homogenates of mycelium provide a relative measure of tremorgens produced, they are not suitable for quantitative determinations.
Chemical analysis of the P. janthinellum cultures showed janthitrem production by both T and NT strains. The structurally related Pen A was also produced in some treatments. Strains 1 and 4 produced no Pen A and showed that the threshold mouse response level for total janthitrems was 0.6 to 5.0 mg per g of lyophilized mycelium. Concentrations of janthitrems were Jan C > Jan B > Jan D > Jan A > other janthitrems. The mouse response shown by strain 2 on PMS was explained by the presence of high levels of Pen A, but the tremorgenic activity of other treatments of strains 2 (11) . However, strain 4 on CDY at both 20 and 26°C was not tremorgenic to mice despite high levels of both Ver and Fum B. P. melinii and P. novae-zeelandiae treatments were analyzed for Pen A, Ver, and Fum B. Components suspected to be Pen A and Ver were found in some but not all treatments of P. novae-zeelandiae tremorgenic to mice. The assignments must be considered as tentative, and the bioassay indicated that in some cases other tremorgenic compounds were present. All four strains of P. melinii were tremorgenic, but none of the tremorgens tested for in this work was detected.
Effects of culture conditions on tremorgenicity to mice. (i) Medium. PMS promoted tremorgen production by P. canescens and P. janthinellum; more cultures were tremorgenic on PMS than on CDY (P < 0.05). Some strains of P. crustosum, P. novae-zeelandiae, and P. simplicissimum were tremorgenic on CDY but not on PMS after 6 weeks of incubation at 20 and 26°C (Table 1 ). It was unexpected that the two NT P. melinii strains were tremorgenic only on PMS when the original screening had suggested CDY to be the more favorable medium.
(ii) Incubation time. The longer that static cultures were incubated in the dark, the more likely they were to be tremorgenic (P < 0.01). All T strains of P. canescens, P. crustosum, P. melin ii, and P. simplicissimum were tremorgenic after incubation for 1 week in the dark at 26°C. One (iii) Incubation temperature. Thirteen of the 18 strains tremorgenic to mice showed differences with temperature; average ranks for 17, 20, 26, and 30°C were 2.0, 2.7, 3.4, and 1.9, respectively. Temperature affected tremorgen production (P < 0.01), with maximum production at 20 or 26°C.
(iv) Light irradiation and shaken culture. Fourteen of the 18 tremorgenic strains showed differences under the different regimens of light and shaken culture. The average ranks for incubation at 20°C in static culture in the dark, under UV, and under red light and in shaken culture were 3.2, 2.5, 2.4, and 1.9 (P < 0.1). There were significantly fewer tremoring mice with shaken cultures than with static dark cultures (P < 0.05) using the two-sided comparison of all treatments versus control associated with the Friedman test.
To test the general applicability of these findings, further strains of P. janthinellum and P. novae-zeelandiae, nontremorgenic after incubation at 26°C for 3 weeks on CDY and on PMS, were grown under the conditions indicated here to be favorable for tremorgen production by each species. Fourteen P. janthinellum strains were grown in static culture in the dark for 6 weeks at 20°C; 11 were tremorgenic when the medium used was PMS, but none was tremorgenic when it was CDY. This was consistent with the results obtained from the four test strains. On the other hand, only 2 of 17 P. novae-zeelandiae strains were tremorgenic when grown in static culture in the dark at 26°C for 6 weeks on CDY, but 7 were tremorgenic on PMS, which had appeared to be the less favorable medium.
Conclusions. It is apparent that no single cultural condition is the most suitable for tremorgen production by penicillia; different species and even different strains of the same species have different optimal conditions. Nevertheless, the results show that static culture for 6 weeks in the dark at 20 to 26°C on both CDY and PMS is most likely to identify isolates with tremorgen-producing potential. Bioassay by intraperitoneal injection of mice detects tremorgens at relatively high levels and also tremorgens of undetermined structure, but chemical analysis is necessary for the determination of more precise levels of known tremorgens.
